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from II, t=a t /u=^-=5, 



from (7), d=±i/ 5-l=±2, 



from (8), 6=±,/ 5-4=±l. 

The roots are therefore 2±t, l±2i. 

The value 2 for a satisfies the equation III as it should, and 1 and 2 are 
the only real roots which III possesses. 

If the given equation (B) has two real roots and both are known to any 
desired degree of accuracy, the two other roots are very easily found. Put 

a + bi—h 
a—bi—k 
where h and h are known. Then 

b=-i(h—k)i, 

c——i(h + k+ai) from (5), 

and u is found from I and d from (7) as before. Thus the roots are all 
determined. 

If all of the roots of (B) are real, they will be equally well given by the 
first method above. In this case b and d will be imaginary. 



A DEVICE FOR EXTRACTING THE SQUARE ROOT OF CER- 
TAIN SURD QUANTITIES. 



By ROBERT J. ALE?, A. M.. Ph. D., Professor of Mathematics, University of Indiana, Bloomington, Indiana. 



ABMN is a square. OL is an arm revolving freely about 0. This arm 
beyond C is divided into equal parts at E, x, y, z, 
etc. 

To determine the character of the divisions 
made on FP by the points of division on OL as OL 
revolves. Call the side of the square AB, 2a; BC, 
b ; CE,c; and CD, x. 



Then OC= r /a i + (a. + b) i . 



GO=2 i /a s + (a + b) i +e. 
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FC=2{a+b)+x. 
From the properties of two intersecting chords we have, 



x{x + 2(a + b)}=c{c + 2 ,/ a s + (a+b)* } 



x s +2(a + c)x + (a + b)*=a* +2ab + b* +c* +2cy'a* +(a+b)* 



a: + (a + 6) = 1 /(rt+fe) s +c 8 +2c|/a 3 +(a + b)*. 

Suppose that we examine the results when integral values are given to 
the constants. 

Put a—c—1, 6=0. (Let c take successively the values 1, 2, 3, 4, 

etc.) 



Then * + l=|/2+2j/2, 



a:+l=|/5 + 4|/2, 



a; + l==i- / 10+6|/2, 



x+1^,/17 + 8,/2, etc., 

and the law of the series is readily seen. 

Put <x=c=6=l, and let c vary as before. 



x+2-= 1 /5 + 2 1 /5, 



a: + 2= 1 /8 + 4|/5, 



+ 2= 1 /13 + 6,/5, 



a:+2=j/20+8|/5, etc. 

The law is again evident. 

Put a==l, 6=2, and let c vary. 



a;+3= 1 /10+2,/10, 



x+3= T /13+4 1 /10, 



k+ 3=i/ 18+ 6 1/10, 



a;+3=|/25+8,/10, etc. 

The law is again evident. 
Put a— 1, 6=3, and let e vary. 
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a>+4=i/17+2i/17. 



x+4^,/20+4,/17, 



a; + 4=,/25 + 6,/17. 

These examples show how the various series will be found. 

From the previous considerations we at once have the data for the con- 
struction of a simple mechanical device for the extraction of roots of certain surd 
quantities. 

AB is an upright so arranged that CD will slide up and down always par- 
allel to itself. It is accurately marked to scale so that CD may be set at anyde- 
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sired a. FE works in a slide LM which is free to rotate about 0. It is accur- 
ately ruled to scale from P to F. By sliding it in LM, P may be set at any de- 
sired a + c. CD is ruled to scale and is also provided with a diagonal scale, so 
that by the use of dividers, results may be read to hundredths. When the in- 
strument is set at any chosen a and b, all the roots for that set may be read off 
at once. 

Tables may be easily constructed. A few samples are here given. 

The a's are read in the vertical columns, the &'s horizontally, and in the 
squares the c's take successively the values 1, 2, 3, etc. But three terms 
are given in each square, enough to make the law perfectly evident. 
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